Purpose: We examined whether inhalant use was associated with heroin and injection drug use (IDU) among adolescents aged 12 to 17 in the United States. Methods: Data were drawn from the 2002/2003 administrations of the National Survey on Drug Use and Health (NSDUH). We conducted logistic regression analyses to estimate associations of inhalant use with heroin use, heroin injection, and IDU, respectively, among adolescent drug users (N = 8161). Results: Approximately 30.9% of adolescents had ever used at least one illicit drug. More than one-fifth (22.2%) of adolescents were past-year or recent drug users. Among past-year adolescent drug users, 1.4% had progressed to heroin use and 1.2% reported IDU. Adolescents who had used inhalants and marijuana were 2.8 and 2.9 times as likely as adolescents who had used marijuana but not inhalants to report heroin use and any IDU, respectively. Adolescents who had used inhalants or other drugs but not marijuana were unlikely to use heroin. However, inhalant users, irrespective of their marijuana use histories, had greater odds of IDU than drug users who had not used inhalants. Adolescent drug users who were females, school dropouts, whites, or delinquents had significantly increased odds of heroin use and IDU. Cigarette smoking before the age of 15 was strongly associated with heroin use, and a history of foster care placement was associated with IDU. Conclusions: This national study of American adolescents identifies several subgroups of recent drug users, such as females, school dropouts, and youth who have used inhalants and marijuana, which have substantially increased odds of heroin use and IDU. Screening, prevention, and treatment interventions targeted to these groups might reduce medical and social complications of heroin use and IDU. D
Introduction
Heroin and injection drug use (IDU) are associated with significant morbidity and mortality, including HIV/AIDS, hepatitis, drug overdose, and accidents. Comorbid conditions commonly observed in heroin and injection drug users (IDUs), such as polydrug abuse and psychiatric disorders, further contribute to functional impairments Santibanez et al., 2005; Vlahov et al., 2004) . Studies of heroin use and IDU have typically investigated adults and convenience samples (e.g., treatment-seeking drug users). Few investigations have examined correlates of heroin use and IDU among large, representative samples of adolescents (Hopfer, Khuri, Crowley, & Hooks, 2002) . Thus, we determined the prevalence of heroin use, heroin injection, and any IDU in a nationally representative sample of adolescents with a focus on understanding their associations with inhalant use (Bennett, Walters, Miller, & Woodall, 2000; Dinwiddie, Reich, & Cloninger, 1991a; Johnson, Schutz, Anthony, & Ensminger, 1995) .
Heroin use among adolescents appears to have increased in recent years (Hopfer, Khuri, & Crowley, 2003; Hopfer, Mikulich, & Crowley, 2000) . National data from publicly-funded facilities show that treatment admissions for primary heroin addiction have increased in the past decade (Substance Abuse and Mental Health Services Administration [SAMHSA], 2002 [SAMHSA], , 2004a . The proportion of heroin injection admissions among people under 30 increased from 21% in 1992 to 31% in 2002 31% in (SAMHSA, 2004a . Clinical and descriptive studies indicate that many heroin-using youth are IDUs with histories of polysubstance use, psychiatric dysfunction, and criminality (Hopfer et al., 2000 (Hopfer et al., , 2002 (Hopfer et al., , 2003 ). Yet it is unclear whether and to what extent these findings generalize to adolescent heroin users in the general population.
IDU has contributed to more than one-third of AIDS cases in the United States and plays a significant role in HIV transmission among adolescents (Centers for Disease Control and Prevention [CDC], 2005a) . In 2005, an estimated 25% of all new AIDS cases were directly attributable to IDU; further, some youth engage in prostitution and other high-risk behaviors in order to support their heroin use, which may contribute indirectly to sexually-acquired HIV/AIDS (CDC, 2005b) .
Inhalant use is among the most prevalent, pernicious, and poorly understood forms of adolescent substance use (Brouette & Anton, 2001; Kurtzman, Otsuka, & Wahl, 2001) . Commonly abused inhalants include toluene, acetone, and various halogenated hydrocarbons; these and other agents can be found in widely available commercial products. Inhalant users may inhale vapors from a bag into which a substance has been deposited, a rag soaked with a substance and placed over the nose or mouth, or directly from a container (American Psychiatric Association, 2000) . Intoxication is rapid in onset and similar to alcohol intoxication in its signs. In 2004, 17% of eighth-graders participating in a national survey of middle and high-school American youth reported lifetime inhalant use (Johnston, O'Malley, Bachman, & Schulenberg, 2005) .
Although prevalence figures derived from household surveys of inhalant use are typically lower than those identified in national school-based surveys, they are, nonetheless, substantial. Approximately 9% of adolescents aged 12 to 17 participating in the National Household Survey on Drug Abuse (NHSDA) had used inhalants, and 11% of adolescents who used inhalants in the past year met the criteria for inhalant abuse or dependence (Wu, Pilowsky, & Schlenger, 2004) . National surveys also document a significant increase in the number of new inhalant users, from 0.6 million in 1994 to 1.2 million in 2000 (SAMHSA, 2003) . Comparable figures for new marijuana users (1994: 2.5 million; 2000: 3.0 million) indicate that the rate of growth in new users has been significantly greater for inhalant than marijuana users, although marijuana remains the more widely abused drug.
Inhalant use may be an important risk factor for heroin use and IDU (Dinwiddie et al., 1991a , Dinwiddie, Reich, & Cloninger, 1991b Johnson et al., 1995; Schü tz, Chilcoat, & Anthony, 1994; Storr, Westergaard, & Anthony, 2005) . Dinwiddie et al. (1991b) reported that one-third of the adult IDUs in a convenience sample had used inhalants. The investigators found that adults with a history of inhalant use were 3 times as likely as adults without the history to be IDUs. Johnson et al. (1995) examined 600 African American youth residing in the Woodlawn area of Chicago at ages 16 and 32. Although relatively few inhalant users were identified, the investigators found that youth who had used inhalants prior to age 16 were 9 times as likely as inhalant nonusers to use heroin by age 32. Storr et al. (2005) examined a sample of 2311 urban youth attending public schools in a mid-Atlantic region. Approximately 9% of youth initiated inhalant use prior to age 14; inhalant users were twice as likely as inhalant nonusers to use opiates by young adulthood (Storr et al., 2005) .
Like inhalant use (Novins, Beals, & Mitchell, 2001) , marijuana use has been conceptualized as a gateway to other drug involvement. Researchers have observed a general developmental sequence of drug use, from initial use of alcohol and/or cigarettes to marijuana use, which is followed by the use of other drugs (Donnermeyer, 1993; Ellickson, Hays, & Bell, 1992; Kandel, Yamaguchi, & Chen, 1992; Yamaguchi & Kandel, 1984) . Although questions regarding the nature of the causal relationship between marijuana use and subsequent drug use have been widely debated, the association between marijuana use and other drug use is well established (Kandel, 2003; Lynskey et al., 2003) .
In this paper, we determined the independent and conjoint effects of inhalant use and marijuana use on heroin use, heroin injection, and any IDU among adolescents in the general population. Inhalants and marijuana are the drugs most widely used by adolescents and both have been considered bgateway drugsQ by some investigators (Costello, Erkanli, Federman, & Angold, 1999; Donnermeyer, 1993; Novins et al., 2001; Vega et al., 2002) . However, studies of either drug usually do not consider that many adolescents use both substances, and prior studies of adult, clinical, and convenience samples suggest that inhalant use may be a marker for heroin use and IDU (Bennett et al., 2000; Dinwiddie et al., 1991b) .
By disaggregating adolescent drug users into those characterized by histories of inhalant use, marijuana use, inhalant and marijuana use, and other drug use, we were able to estimate the strength of each association with adolescent-onset heroin use and IDU in a recent, large nationally representative sample of American youth. We hypothesized that lifetime marijuana use and inhalant use would be associated with heroin use, heroin injection, and any IDU and that the strength of associations of these behaviors would be particularly elevated for adolescents with histories of marijuana and inhalant use (Wu, Pilowsky, & Schlenger, 2005) . Using logistic regression to adjust for demographics while estimating associations of interest, we were also able to evaluate other factors potentially associated with heroin use and IDU, such as dropping out of school, a history of incarceration and foster care placement, the receipt of mental health treatment for emotional problems, early onset of substance use, and frequency of delinquent behaviors. Prior research indicates that family disruption, early cigarette smoking, poor academic performance, dropping out of school, early onset of drug use, polydrug use, delinquent conduct, and incarceration enhance the risk for seriously adverse drug use outcomes, including heroin use and IDU (Crofts, Louie, Rosenthal, & Jolley, 1996; Kirisci, Vanyukov, & Tarter, 2005; Sutherland & Shepard, 2001; Vega & Gil, 2005) .
Methods

Data source
This study is based on data from the public use files of the 2002 and 2003 National Surveys on Drug Use and Health (NSDUH) (SAMHSA, 2004b) . NSDUH is designed to provide population estimates of substance use and its correlates in the U.S. general population. It utilizes multistage area probability sampling methods to select a representative sample of the U.S. civilian, noninstitutionalized population aged 12 or older for participation in the study (e.g., household residents; residents of shelters, rooming houses, and group homes; residents of Alaska and Hawaii; and civilians residing on military bases). Adolescents aged 12 to 17 years were oversampled to improve the precision of their drug use estimates.
NSDUH participants were interviewed in private at their place of residence. Potential participants were assured that their names would not be recorded and that their responses would be kept strictly confidential consistent with Section 501 of the Public Health Service Act. All field interviewers signed a confidentiality agreement, and the procedures and protections were carefully explained to potential participants in the informed consent protocol (e.g., data only be examined in group-rather than individual-level analyses and would be used for the research purpose only). Multiple levels and types of protection were afforded survey participants to enhance rates of participation, increase validity of responses, and ensure that respondents' rights were fully and continuously protected. For adolescents aged 12 to 17, the field interviewer first obtained verbal consent from a parent or guardian. Once parental permission was granted, the field interviewer approached the adolescent and introduced the study using the script to obtain the youth's agreement to participate. Parents were then asked to leave the interview setting to ensure the confidentiality of the youth's responses. Detailed NSDUH field interview methods are reported elsewhere (Research Triangle Institute, 2002a) .
The 2002-2003 surveys utilized a computer-assisted interviewing (CAI) methodology to increase the likelihood of valid respondent reports of illicit drug use behaviors. The CAI methodology includes a combination of computer-assisted personal interviewing (CAPI) and audio computer-assisted selfinterviewing (ACASI) methodologies. ACASI interviewing was used for questions of a sensitive nature (e.g., substance use). Respondents read questions on the computer screen or questions were read to respondents through headphones and they entered their responses directly into the computer.
In the 2002 and 2003 surveys, a total of approximately 70,000 respondents aged 12 or older completed the interview annually. In both years, a weighted screening response rate of 91% was achieved, and the weighted response rate for adolescents aged 12 to 17 was 90% (SAMHSA, 2004b) . Each independent, cross-sectional NSDUH sample was representative of the U.S. general population aged 12 or older. NSDUH design and data collection procedures have been reported in detail elsewhere (SAMHSA, 2003 (SAMHSA, , 2004b .
Study sample
Secondary data analyses were conducted on the public use data file of adolescents aged 12 to 17. There were no significant differences in the distribution of age, gender, school enrollment status, race/ ethnicity, family income, and population density across respondents in the two survey years. In this combined sample of adolescents aged 12 to 17 (N = 35,913), 49% were females, 92% were students, and 37% were members of nonwhite minority groups.
Study variables
Heroin use and IDU variables
Principal outcome variables were adolescents' self-reported lifetime use of heroin (yes vs. no) and IDU (yes vs. no). Among heroin users, NSDUH assessed the route of heroin use, including having ever smoked, sniffed or snorted, or injected heroin with a needle. For IDU, additional questions assessed whether respondents had ever injected any other drug (e.g., cocaine, methamphetamine, or any other drug) that was not prescribed for the respondents or that the respondents took solely for the experience or feeling it caused.
Social and demographic variables
Social and demographic characteristics included age, gender, race/ethnicity (non-Hispanic white, African American [non-Hispanic black], Hispanic, Native American [American Indian and Alaska Native], Asian [Asian, Pacific Islander, and Native Hawaiian], and more than one race), school enrollment status, total family income, and population density of the area where the respondent resided. School enrollment status was identified using questions that asked respondents whether they were students and whether they were currently enrolled in school. School enrollment responses were dichotomized into in school and not in school categories. NSDUH classified population density into large metropolitan areas (population z 1 million), small metropolitan areas (population b 1 million), and nonmetropolitan areas (outside a standard metropolitan statistical area).
Substance use variables
NSDUH assessed respondents' use, recency of use, and age at first use of cigarettes, alcohol, and nine drug classes (inhalants, marijuana, cocaine/crack, heroin, hallucinogens, and nonmedical use of sedatives, tranquilizers, pain relievers, and stimulants). Assessments of drug use included a detailed verbal description of each drug group and lists of qualifying agents. We used lifetime inhalant and marijuana use variables to categorize all drug users into four mutually exclusive subgroups: (1) inhalant users (inhalant users who had never used marijuana, regardless of other drug use), (2) marijuana users (marijuana users who had never used inhalants, regardless of other drug use), (3) inhalant and marijuana users (drug users who had used inhalants and marijuana, regardless of other drug use), and (4) other drug users (drug users who had never used inhalants or marijuana).
Any drug use referred to the use of any of the nine drug classes in the lifetime (ever use) or past year (i.e., recent use), regardless of alcohol use status. Onset of substance use (cigarettes, alcohol, inhalants, and marijuana) referred to age at first use and was categorized into three subgroups: before 15 years, 15 to 17 years, and no use. The three groups examined in age-of-onset analyses represented youth who initiated relatively early in life (i.e., between ages of 12 and 14 or younger), later in adolescence (i.e., ages of 15 to 17), or who never initiated drug use prior to adulthood. Inhalant use was defined as sniffing or inhaling a substance bfor kicksQ or to bget high.Q NSDUH classified inhalants into eleven categories: correction fluid, degreaser, or cleaning fluid; gasoline or lighter fluid; glue, shoe polish, or toluene; ether, halothane, or other anesthetics; lighter gases, butane, or propane; nitrous oxide or whippets; spray paints; lacquer thinner and other paint solvents; amyl nitrite, poppers, rush, or locker room deodorizers; aerosol sprays; and any other inhalants not specified in the above categories (Wu et al., 2004) . The lifetime number of different types of inhalants used was grouped into four categories (1, 2, 3 or more, and no use).
Delinquency and mental health variables
We also examined the following potential correlates of heroin use and IDU: adolescents' self-reported history of incarceration (ever been in a jail or a detention center) and foster care placement (ever been in foster care), delinquent behaviors, and mental health treatment service utilization (Wu et al., 2004; Wu, Pilowsky et al., 2005; Wu, Schlenger, & Ringwalt, 2005) . The following past-year delinquent behaviors were assessed: (a) getting into a serious fight at school or work, (b) taking part in a group fight against another group, (c) carrying a handgun, (d) selling illicit drugs, (e) stealing anything worth more than $50, and (f) attacking someone with the intent to seriously hurt him or her. These six types of delinquent behaviors were grouped into three categories (none, 1-2, and 3 or more). Mental health service utilization was defined as any use of treatment or counseling at any service location (any medical or mental health setting or school) in the prior year for emotional or behavioral problems other than substance use-related problems .
Data analysis
Data were weighted to reflect the representativeness of the NSDUH sample and were analyzed by SUDAAN software (Research Triangle Institute, 2002b) , which applies a Taylor series linearization method to account for NSDUH's complex design effects (weighting). All percentages reported in this paper are weighted estimates, whereas sample sizes are unweighted.
We first examined the prevalence of lifetime use of any drug, heroin use (smoking, sniffing, and injection), and any IDU among adolescents aged 12 to 17. Among the subsample of heroin users, we generated the prevalence of heroin use by their route of heroin use. We then determined the prevalence of heroin use and IDU by pattern of specific drug use, mental health characteristics, delinquency, and history of incarceration among the subsample of adolescents who reported any drug use. To hold constant variations in demographic characteristics, multiple logistic regression procedures (Hosmer & Lemeshow, 2000) were conducted to identify correlates of heroin use and IDU, respectively, among all drug users. We report odds ratios (ORs) to estimate the strength of identified associations.
Results
Prevalence of drug use among adolescents
The prevalence of drug use by demographics is summarized in Table 1 . Among adolescents aged 12 to 17 (N = 35,913), 31% reported any use of at least one illicit drug in their lifetime. More than one-fifth (22%) of adolescents, or 72% of all lifetime adolescent drug users, used at least one drug in the past year or recently. There were neither gender differences nor yearly variation in the prevalence of drug use. Lifetime drug use was associated with age, race/ethnicity, school enrollment status, and family income. Nearly one-half (47%) of adolescents aged 16 to 17 and Native Americans (49%) had ever used at least one drug. There was a high prevalence of drug use among school dropouts: 60% in their lifetime and 45% recently. Table 2 displays the prevalence of lifetime heroin use and IDU. These categories of heroin use and IDU were not mutually exclusive. Among adolescents aged 12 to 17 (N = 35,913), 0.35% had ever used heroin and 0.29% were IDUs. Heroin smoking (0.17%) or sniffing (0.21%) were slightly more common than heroin injection (0.10%). The highest prevalence of heroin use was observed among adolescents aged 16 or 17 (0.64%) and school dropouts (2.04%). African Americans (0.07%) and Asians (0.01%) had a lower prevalence of heroin use than Native Americans (0.69%), youth reporting more than one racial self-identification (0.50%), Hispanics (0.45%), and whites (0.41%).
Prevalence of lifetime heroin use and IDU among adolescents
The vast majority of heroin users either sniffed (60%) or smoked (48%) heroin (Table 3 ). More than one-fourth (29%) of all heroin users (N = 135) had ever injected heroin and/or other drugs. More than one-fifth of heroin smokers (22%) and heroin sniffers (21%) had also injected heroin. Close to one-half (46%) of heroin smokers also sniffed heroin, and more than one-third (37%) of heroin sniffers also smoked heroin. Of all heroin injectors, 47% reported having ever sniffed heroin and 39% reported having ever smoked heroin.
Prevalence of heroin use and IDU among adolescent drug users
We then examined the prevalence of heroin use and IDU among the subsample of drug users (Table  4 ). We found that the pattern of the prevalence of heroin use and IDU among lifetime drug users was similar to that of past-year drug users. Here, we focused on heroin use and IDU among past-year drug users because they represent recent or active drug users and excluded former light or experimental drug users who might have tried a drug and had never used it again.
Among all past-year drug users aged 12 to 17 (N = 8161), 1.4% used heroin and 1.2% were IDUs. The prevalence of heroin use was higher among users of cigarettes (1.8%), inhalants (2.7%), and marijuana (1.8%) than nonusers of these substances. Notably, users of inhalants and marijuana had higher prevalence of lifetime heroin use (4.3%) than users of marijuana but not inhalants (1.0%), users of inhalants but not marijuana (0.2%), or users of other drugs (0.2%). Several subgroups of drug users also had a higher prevalence of heroin use than others, including cigarette smokers who initiated cigarette use before the age of 15 (2.1%), inhalant users who initiated inhalant use between the ages of 15 and 17 (3.7%), and who had used 3 or more inhalants (3.4%), as well as adolescents who engaged in multiple delinquent behaviors recently (4.1%), had a history of incarceration (4.5%), or who received mental health treatment services recently (2.5%).
Of all bgatewayQ substances (i.e., cigarettes, alcohol, marijuana, and inhalants), only inhalant use was significantly associated with IDU in bivariate analyses. More than 2% of inhalant users were IDUs, with a high prevalence of IDU among adolescents who had initiated inhalant use before age 15 (2.6%), and adolescents who reported 3 or more delinquent behaviors in the past year (3.9%). Adolescents who had used inhalants and marijuana were more likely than users of either inhalants but not marijuana or marijuana but not inhalants and users of the other drugs to become heroin users and IDUs. Despite their young age, 4.3% and 3.0% of adolescents who had used inhalants and marijuana also reported heroin use and IDU, respectively.
Odds ratios for heroin use, injection heroin use, and IDU
To hold constant potentially confounding influences of demographics on dependent variables (e.g., heroin use), we conducted multiple logistic regression analyses (Table 5 ) to examine correlates of lifetime heroin use, injection heroin use, and any IDU, respectively. The pattern of the findings among lifetime drug users was similar to the pattern of the findings reported here for past-year drug users.
Heroin use
Consistent with our bivariate analyses, past-year adolescent drug users who reported a history of inhalant and marijuana use were 2.8 times as likely as those using marijuana but not inhalants to use heroin (adjusted OR [AOR] = 2.81, 95% confidence interval [CI] = 1.67-4.73). Compared with marijuana users who had not used inhalants, bdrug users who had never used marijuana or inhalantsQ and binhalant users who had not used marijuanaQ had very low odds of heroin use, and those associations were marginally significant.
Gender, race/ethnicity, school enrollment status, age of first cigarette smoking, frequency of past-year delinquent behaviors, and history of incarceration also were associated with heroin use. Female drug users were twice as likely as male drug users to use heroin. Whites were similar to Hispanics in heroin use, but they were five (reciprocal of an AOR of 0.19) and ten (reciprocal of an AOR of 0.10) times as likely as African Americans and Asians, respectively, to use heroin. Drug users who initiated cigarette smoking before the age of 15, who engaged in multiple delinquent behaviors recently, or who had a history of incarceration also had elevated odds of heroin use.
Injection heroin use
Similar to the pattern of the findings for heroin use, adolescents who had used marijuana and inhalants were twice as likely as those who had used marijuana but not inhalants to inject heroin. This association was marginally significant, which is probably related to a small sample of injection heroin users. The findings also suggested a pattern of very low odds of injection heroin use among the other drug use groups. Female drug users were 3.9 times as likely as male drug users to inject heroin. Increased odds of injection heroin use also were found among school dropouts, those engaging in 3 or more delinquent behaviors recently, and those with a history of foster care placement. Early cigarette smoking was marginally associated with heroin injection. 
Any IDU
Adolescents who had used inhalants but not marijuana (AOR = 2.38, 95% CI = 1.03-5.49) and adolescents who had used marijuana and inhalants (AOR = 2.86, 95% CI = 1.58-5.20) had increased odds of any IDU compared to youth who had used marijuana but not inhalants. Similar to injection heroin use, females, whites (relative to American Indians or Alaska Natives), school dropouts, youth engaging in delinquent behaviors, and those with a history of foster care placement had increased odds of IDU.
Discussion
Substance use is normative among U.S. adolescents. Nearly half of all 16-17 year-olds participating in the NSDUH reported a history of illicit drug use. In bivariate analyses, a history of inhalant use, age at onset of inhalant use, and the number of inhalants used were each associated with heroin use and IDU. Perhaps the most salient finding was the elevated prevalence of heroin use and IDU among users of marijuana and inhalants and of IDU among inhalant users who had not used marijuana as compared with marijuana users who had not used inhalants. These findings are consistent with prior studies indicating that inhalant use is a key marker of risk for heroin use and IDU (Dinwiddie et al., 1991b; Johnson et al., 1995; Storr et al., 2005) . Our findings also suggest that the risk is elevated when inhalant use is in conjunction with marijuana use, and they extend previous findings to a nationally representative sample of adolescents.
Logistic regression analyses controlling for potentially confounding factors documented the importance of co-occurring inhalant and marijuana use in elevated odds for adolescent-onset heroin and IDU. Adolescent drug users who were females, nonstudents, and those with recent histories of recurrent delinquent behaviors also had increased odds of progression to heroin use and IDU. A history of incarceration and cigarette use before the age of 15 were associated with heroin use, whereas prior foster care placement was associated with IDU. The association between a history of incarceration and IDU did not attain conventional levels of statistical significance, which may be due to low power. These findings are consistent with studies indicating that poor academic performance, dropping out of school, conduct problems, and other indicators of serious psychosocial maladjustment or family disruption are significant predictors of severe drug use problems (Fuller et al., 2002; Kirisci et al., 2005; Neumark & Anthony, 1997; Sutherland & Shepard, 2001) . Recent research also suggests that early intervention to reduce early onset of tobacco use (Vega & Gil, 2005) and other forms of substance use and psychosocial dysfunction that typically precede inhalant and marijuana use may also prove useful in disrupting progression to these and other malignant forms of substance use (Kirisci et al., 2005) . y p b 0.10; *p V 0.05; ***p V 0.01; ***p V 0.001. 1 Native American includes American Indians and Alaska Natives. 2 Asian includes Asians, Pacific Islanders, and Native Hawaiians. 3 Due to the small sample of heroin users and IDUs, variables with a p-value V 0.10 were included in each of the logistic regression models. 4 Users of inhalants only and users of other drugs were combined into one group. 5 African Americans, Native Americans, Asians, and adolescents reporting more than one race were combined into one group. NA: estimates not available. . . .. . .. . ..: Variables not included in the final model. Table 5: The NSDUH survey methods have implications for interpreting our study findings. Our analyses were based on self-reports of drug use. While adolescents' self-reports of drug use are generally considered reliable and valid (Johnson, 2001) , underreporting of use can occur in household studies (Gfroerer, Wright, & Kopstein, 1997) and there is some evidence that the validity of self-reports may covary with the extent of the respondents' drug use behaviors (Colon, Robles, & Sahai, 2002) . Nonetheless, computer-assisted survey methods employed in the NSDUH have been found to increase the validity of adolescents' drug use reports (Turner et al., 1998) .
Notes to
Like almost all household surveys, the NSDUH does not include a small group of high-risk respondents who are homeless, incarcerated, or otherwise institutionalized. Studies have suggested that the exclusion of these respondents may not significantly affect population estimates for drug use, given that such respondents constitute only about 2.0% of the national population (Anthony & Helzer, 1991) , although NHSDU figures may underestimate drug use prevalence in the general population. Other study limitations included the cross-sectional nature of the survey and the relatively small samples of heroin users and IDUs, which reduced the statistical power to detect associations and prevented us from conducting stratified statistical analysis by age group (e.g., 12 to 15 vs. 16 to 17).
Notwithstanding these limitations, this investigation possesses several strengths. It is the largest and most recent study to examine the independent and conjoint roles that inhalant and marijuana use (in addition to other factors) play in adolescent-onset heroin use and IDU in a nationally representative sample of adolescents. The survey participation rate was high; audio computer-assisted surveying methods likely enhanced the validity of participants' responses; and assessments of inhalant use, heroin use, and IDU were detailed.
Findings from this population-based study of adolescents have important implications for further research and prevention interventions. In particular, the female excess in both heroin use and IDU is a cause of concern. Studies have suggested a pattern of younger age of first drug use and increasing drug use behaviors among recent cohorts in females (Grant, 1996; Warner, Kessler, Hughes, Anthony, & Nelson, 1995; Wu, Schlenger, & Galvin, in press ). Female youth have been found to be more likely than their male counterparts to use multiple drugs (Wu et al., in press) . Moreover, young female IDUs are more likely than young male IDUs to engage in sexual and injection risk behaviors that place them at high risk of contracting hepatitis and HIV (Evans et al., 2003) . Garfein, Vlahov, Galai, Doherty, and Nelson (1996) found a very high prevalence of hepatitis C, hepatitis B, and HIV (64.7%, 49.8%, and 13.9%, respectively) among IDUs who had injected for only 1 year or less. Given that adolescent girls are as likely as adolescent boys to use one or more illicit drugs and that, among those who use drug(s), adolescent girls have greater odds of becoming heroin users and IDUs, additional focused efforts of drug use prevention and interventions are recommended to target at the young female population.
Generally, our findings suggest that adolescent drug users who have progressed to heroin use tend to initiate cigarette smoking early, use inhalants and marijuana, leave school early, and engage in delinquent or criminal activities. Early family disruption, as indicated by a prior history of foster care placement, plays a crucial role of later IDU. Adolescents who had ever been in the foster care system are likely to experience a variety of risk factors, such as parental substance use or abuse, conduct problems, childhood abuse or neglect, poverty, and psychiatric problems, which make them vulnerable to serious drug use problems (McMillen et al., 2005; Pilowsky, 1995; Stein, Evans, Mazumdar, & Rae-Grant, 1996; Pilowsky & Wu, 2006) . Our findings are consistent with the problem behavior theory (Jessor & Jessor, 1977) and a model of multiple risk and protective factors in determining adolescent drug use involvement and adverse outcomes (Jessor, 1998; Newcomb, 1997) , which specifies that family factors, peer groups, individual's psychosocial characteristics, and societal factors interact with each other in influencing an adolescent's drug use and consequences.
Additional studies of adolescent inhalant users are needed, given the catastrophic consequences of heroin use and IDU (e.g., overdose or HIV infection) and the fact that adolescents have not passed through the period of greatest risk for heroin use and IDU (Neaigus et al., 2001; Ompad et al., 2005) . More than a million Americans become inhalant users each year (SAMHSA, 2003) and inhalants were the only drug type in 2003 to display clear indications of increasing use (Johnston et al., 2005) . Our findings suggest that prevention and treatment specialists charged with reducing heroin use and IDU would do well to focus their efforts on youth who have used inhalants and marijuana and who otherwise evidence characteristics consistent with the risk profile identified in this study.
